A 14-year-old boy presented to our institution with a diagnosis of acute type A dissection. He was diagnosed with Loeys-Dietz syndrome and underwent aortic valve sparing repair at the age of 9 years. Emergency total arch repair with elephant trunk (ET) was performed successfully; echocardiogram before discharge showed normal left ventricular function and size. However, he was readmitted 1 month after discharge with significant left ventricular dysfunction and dilatation. The small folded ET caused a pressure gradient between the upper and lower body, which might deteriorate left ventricular function. Urgent balloon arterioplasty was performed to unfold the ET graft, resulting in no improvement of left ventricular function. ET removal and descending aorta replacement with an 18-mm graft was performed eventually. Left ventricular function and brain natriuretic peptide gradually improved after approximately 2 years of follow-up.
INTRODUCTION
Here we report a case of dilated cardiomyopathy requiring staged aortic replacement at a young age for aortic dissection, possibly because of a small narrow elephant trunk (ET) graft.
CASE REPORT
In 2014, a 14-year-old boy was diagnosed with an acute type A aortic dissection on computed tomography (CT) 5 years after an aortic root reimplantation for annuloaortic ectasia. The dissection ranged from the ascending aorta to the orifice of the innominate artery. The distal arch and descending aorta were not dissected (Fig. 1 ).
He had a history of bilateral club foot repair, moderate aortic regurgitation (AR) and aortic root aneurysm. Genetic testing revealed transforming growth factor-b receptor mutation, indicating LDS. The follow-up echocardiogram revealed progressive aortic root dilatation and severe AR before undergoing aortic root reimplantation. He underwent emergency total arch replacement with 26-mm four-branched graft and 14-mm straight graft for ET for future possibility of total aortic replacement. A pressure gradient of 25-40 mmHg was found between the upper and lower limbs after the ET procedure. This pressure gradient remained unaltered during admission. The echocardiogram before ET showed normal left ventricular function (LVEF 75%, LVDd 35 mm, trivial AR and MR). CT showed no residual aortic dissection but revealed ET graft folding (Fig. 2) . At the 1 month outpatient follow-up, the patient complained of general fatigue; echocardiogram showed significantly impaired LV function (LVEF 30%, LVDd 54 mm) and worsening valve regurgitation (mild AR and mild to moderate MR). He was readmitted and started on inotropes and diuretics. One day after, he underwent urgent balloon arterioplasty for ET graft unfolding. Although the pressure gradient decreased from 35 to 15 mmHg, it gradually rose to the previous gradient. LV function remained poor. Nineteen days after readmission, the patient underwent ET graft removal, descending aortic replacement with 18-mm straight graft. According to the pulmonary artery catheter readings, LV end diastolic pressure decreased from 30 to 10 mmHg postoperatively. Echocardiogram (7 months after descending aorta replacement) showed improved appearance (LVDd 55 mm, LVEF 50.5%, mild AR and mild MR), then further improved LV function (LVDd 51.3 mm, LVEF 45%, mild AR, mild MR) at 13-month follow-up. Brain natriuretic peptide was 1461 pg/ml at the time of descending aorta replacement. It decreased by 50% 1 month later. The latest value was 13.4 pg/ml at 1-year follow-up.
DISCUSSION
We reported this case because patients with LDS may be at high risk of dilated cardiomyopathy when afterload is elevated. In this case, LV deterioration occurred rapidly <1 month after ET procedure. Improper cardiac protection during the emergency total arch replacement seems unlikely because 13-day postoperative echocardiogram showed normal LV function. Transforming growth factor-b guides the formation of endocardial cushions, the coronary vasculature and the ventricular myocardium during embryogenesis and is involved in myocardial hypertrophy and vascular remodelling in adults [1] . Patients with LDS are suspected to lack the capability of hypertrophic remodelling when coarctation or hypertension occurs. Graft size used for the ET procedure (14 mm) was much smaller than that for ascending aorta and aortic arch replacement (26 mm). Usually, the ET technique facilitates the subsequent operation of thoracic or thoraco-abdominal aortic intervention, especially in LDS patients who may need future total aortic replacement. However, in young patients, aortas not dilated/dissected have very small diameters. Thus, ET procedures should not be carried out in cases of obvious size mismatch between arch and ET grafts.
The cause of pseudocoarctation was both the small and folding ET graft. Folding especially made the cross-sectional area of the ET graft very small. This issue might be solved if we used stent grafts. Recently, the stent graft use as frozen ET became popular, and several successful stent graft implantation for the connective tissue disorder have been reported [2] . However, the stent graft use in LDS is still controversial, and the minimum size of the stent graft available in our country is 21 mm; therefore, we avoided the stent graft use.
CONCLUSION
Iatrogenic coarctation caused by small ET grafts may cause dilated cardiomyopathy in LDS patients.
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